INTRODUCTION
All along its Late Paleozoic evolution, the French Massif Central (FMC) experienced several episodes of crustal melting. The earliest synorogenic plutonism is represented by the peraluminous biotite-cordierite Guéret-type plutons dated as Late Devonian-Early Carboniferous (Berthier et al., 1979; Duthou et al., 1984) . In the northern part of the FMC, the Visean magmatism is represented by the "Tufs Anthracifères" series. Acidic and intermediate lavas are associated with terrigeneous rocks (sandstone, mudstone, conglomerate and some coal measures). The sedimentary rocks bear paleontological assemblages of Late Visean age. Numerous dykes, microgranites and granitoids ( the so-called "red-granites") represent the deep magmatic equivalent of this series.
These are dated at 335-330 Ma by U-Pb zircon, whole rock Rb/Sr and Sm/Nd methods (Duthou et al., 1984; Binon et Pin, 1989; Pin and Duthou, 1990) . During the Late Carboniferous (NamurianWestphalian), the entire FMC underwent a widespread plutonic event characterized by two main rock types. Two micas peraluminous granites are exposed in the NW (i.e. Limousin), and insu-00352085, version 1 -12 Jan 2009 porphyritic monzogranites dominantly crop-out in the SE (i.e. Margeride-Cévennes). U-Pb zircon and U-Th-Pb monazite ages in both rock types range between 325-310 Ma (e.g. Duthou et al., 1984, Pin and Duthou, 1994; Faure, 1995; Brichaud et al., 2007; Bruguier, 1998; Joly et al., 2007) .
Crustal melting is also represented by three generations of migmatites and anatectic granitoids. The oldest one develops in Devonian (ca 385-375 Ma), before the emplacement of the Guéret-type granite. This anatectic event is associated with the exhumation of high pressure rocks during the eo-Variscan event (e.g. Pin and Peucat, 1986; Faure et al., 2008 and enclosed references) . A second migmatitic event is known in the northern part of the Cévennes region, and in the Montagne Noire axial zone Bé Mézème et al., 2005 , 2006 . Although rarely emphasized in previous works, this crustal melting event, which is roughly coeval with the Tufs Anthracifères magmatism, plays a major role in the evolution of the Variscan Massif Central.
The third, and last, migmatitic event is located in the Velay dome only, where it partly overprints the Middle Carboniferous North Cévennes migmatites. The Velay cordierite migmatites and associated cordierite granitoids yield ages around 300 Ma (e.g. Ledru et al., 2001 ).
The understanding of the tectonic, metamorphic and magmatic evolution of the French Massif Central made significant advances due to increase in detail mapping, and in petro-structural and geochronological studies. Age determination is a key point to settle any interpretation, but the available data base remains limited, and thus several areas are still poorly understood due to the lack of accurate time constraints. This paper deals with new monazite U-Th-Pb chemical dating of the migmatites and peraluminous plutons that crop out in the southern part of the Millevaches Massif (Fig. 1) . Although recognized since a long time (Monier, 1980; Monier et al., 1980; Labernardière, 1992) , these rocks remained undated. This allows us to provide a better chronological and geological frame for the emplacement of the South Millevaches migmatites, and thereby of the Eastern French Massif Central.
GEOLOGICAL SETTING
The French Massif Central (FMC) insu-00352085, version 1 -12 Jan 2009 The stack of nappes of the FMC results of several tectonic-metamorphic events. From bottom to top, and basically from South to North, five principal units are recognized (e.g. Ledru et al., 1998; Fig. 1 ): 1) the foreland sedimentary basin, 2) the fold-and-thrust belt;
3) the Para-autochthonous Unit, 4) the Lower Gneiss Unit, 5) the Upper Gneiss Unit. In the northern part of the FMC, the metamorphic nappes are unconformably overlain by the Late Visean (ca. 330Ma) "tufs anthracifères" series.
The South Millevaches area
In the western Massif Central, or Limousin area, the nappe stack is cross-cut by ductile normal faults, such as the Argentat and Nantiat ones, the activity of which is coeval with the emplacement of leucogranite plutons (e.g. Faure, 1995) . The Argentat fault is a polyphase structure (Floc'h, 1983; Labernardière, 1992; Roig et al., 2002; Fig. 2) . The Late Carboniferous (Stephanian) brittle left-lateral motion is associated with the opening of pull-apart coal basins. The Late Visean-Namurian tectonic activity of the Argentat fault occurred as a ductile normal motion responsible for the exhumation of the eastern part (Millevaches plateau) with respect to the western one (Limousin region). East of the Argentat fault, in the footwall, the Millevaches plateau consists of several granitic plutons and subordinate metamorphic country rocks (Lameyre 1966; Floc'h, 1983; Monier, 1980 Feix, 1988; Labernardière 1992) belonging to the Para-autochthonous Unit. The Millevaches plateau is subdivided into an eastern and western part by the NNW-SSE ductile dextral Pradines wrench fault (Gébelin et al., 2007) . The main leucogranitic massif, the Goulles pluton, is a two micas medium grained granite with rare garnet that exhibits a well marked mineral preferred orientation (Fig. 3) . The pluton contains also numerous micaschist xenoliths concordant with the mineral fabric. The granite preferred orientation developed under sub-solidus conditions progressively evolves into a post-solidus planar foliation up to a mylonitic fabric when approaching the Argentat fault.
The Glény pluton is a nearly isotropic fine grained granite with biotite, dominant upon muscovite, zoned plagioclase, and rarely perthitic K-feldspar. It forms a 5 km-long massif insu-00352085, version 1 -12 Jan 2009 elongated in the E-W direction and bounded to the east by the Pradines fault. From the structural point of view, this massif appears as a late pluton since it cross-cuts at high angle the host rock foliation and the Goulles pluton.
The Gour Noir pluton consists of a two micas porphyritic granite. K-Feldspar megacrysts and biotite define a sub-solidus foliation, the development of which is consistent with the dextral motion of the Pradines fault Gébelin et al., 2007) . Furthermore, myrmekite developed along the long faces of K-feldspar argue for a magmatic foliation coeval with melt crystallization (e.g. Hibbard, 1986; Simpson and Wintsch, 1989) .
The granite host rocks consist of biotite (±garnet) micaschists, quartzite and augen orthogneiss (called the Xaintrie orthogneiss) that yield a whole rock Rb-Sr age of 467±8 Ma (Monier, 1980 , Labernardière, 1998 . After ductile shearing, the orthogneiss experienced a partial melting. In most of the outcrops, the rock is a metatexite bearing a dominant NNW-SSE trending foliation but variable dips (Fig. 2) . Restites of the orthogneissic protolith or isolated K-feldspar augens and biotitic aggregates are conspicuous in the migmatite (Fig. 3) .
MONAZITE U-Th-Pb RADIOMETRIC STUDY

Monazite U-Th-Pb chemical ages
Over the past fifteen years, owing to technological progress performed on electron microprobe measurements, chemical geochronology on monazite has been made possible (e.g. Suzuki and Adachi, 1991; Montel et al., 1996; Cocherie et al., 1998 Cocherie et al., , 2005 . Due to its high U-Th contents and negligible common Pb content (Parrish, 1990) , monazite is one of the frequently used phases in geochronology. This use as radiochronometer is also enhanced by the restricted lead diffusion in monazite lattice (Montel et al., 1996; Cocherie et al., 1998) and by its high temperature stability up to more than 900°C (Braun et al., 1998) . Scanning electron microprobe (SEM) in Back-Scattered Electron (BSE) mode is one of the best means to distinguish mineral species present in thin section. Within a single monazite grain, SEM allows us to recognize microinclusions, altered domains and all other components of non-monazite composition. Providing insu-00352085, version 1 -12 Jan 2009 contrasted chemical composition of monazite, SEM can also help to define heterogeneous compositional domains, which can be related to inheritance phenomenon during successive episodes of crystallization. Detailed analytical procedure is described in Cocherie et al. (1998) .
Theoretical procedure to reduce the data and to calculate the average age from individual spot analyses is given by Cocherie and Albarède (2001) , Cocherie et al. (2005) and Cocherie and Legendre (2007) . The analyzed grains in thin section, described below, were prepared and analyzed by a Cameca SX 50 EPMA co-operated by BRGM-CNRS-Orléans University. The 2σ errors given on individual ages depend on U, Th, and Pb contents and are calculated by propagating the uncertainties of these elements (at 95% confidence level). However, because the mean age of an homogeneous age population can be calculated directly from the isochron plot Th/Pb vs U/Pb, only the uncertainty on these two parameters (Th/Pb and U/Pb) are required to calculate the uncertainty on the mean age. Age calculations were done using the Isoplot/Ex (3.1) program of Ludwig (2004) 
Sample description
Migmatites
Three migmatites have been sampled (cf. Fig. 2 and Table 1 (Fig. 4) . µm. SEM-BSE observations of the monazite grains indicates a subhedral outline with a slight zonation in some of them (Fig. 5) . For each sample, one single grain population has been recognized.
Results
For each migmatite sample, monazite grains have been separated by crushing, sieving and heavy liquids. Monazite grain size ranges from 20 to 70 µm. Five to eight grains have been analyzed with 76 to 129 point analyzes. The age yielded by the three migmatite samples are similar within the error, and allows us to constrain the age of crustal melting between 337 and 328 Ma (Fig. 6) .
Furthermore, 9 and 7 grains from each sample of the Glény granite yield 324±3 Ma and 318±3 Ma (Fig. 7) which are similar within errors. This allow us to propose a ca 321 Ma age for the post-migmatitic plutonism. The two samples of the Goulles leucogranite yield quite similar ages of 324±3 Ma and 323±4 Ma (Fig. 7) . On the basis of these monazite U-Th-Pb ages, it is not possible to distinguish the emplacement age of the Glény pluton from that of the Goulles pluton since they overlap within the errors. However field relationships indicates that the Glény pluton intrudes the Goulles pluton. Conversely, the migmatization age, around 334 Ma, is about 10 Ma insu-00352085, version 1 -12 Jan 2009 older than the leucogranite emplacement age (around 324 Ma). The 7 age data are summarized in figure 8 and Table 1 .
DISCUSSION-CONCLUSION
This radiometric study demonstrates the existence of a widespread Middle Carboniferous (Visean) partial melting event in the South Millevaches massif. Our datings allow us to rule out a Devonian age for this anatexis by contrast to the ages recovered from the the Upper and Lower Gneiss Units in the nearby Limousin (Faure et al., 2008) . However, the restricted size of the area exposing these Carboniferous migmatites does not allow us to better characterize their structural setting. Presently, the migmatitic foliation trends NNE-SSW with variables dips (Fig. 2 ), but this attitude has likely been reworked by the emplacement of the Goulles leucogranitic pluton and thus does not reflect its primary geometry. Nevertheless, the South Millevaches migmatites represent and important pin-point in the French Variscan Belt.
Visean migmatites were already recognized in several parts of the FMC (Fig. 9) . The largest area is the Montagne Noire axial zone (Gèze, 1953; Soula et al., 2001) , where migmatites crop out in the core of a 50 km long migmatitic dome. More to the North, in the Cévennes, Carboniferous migmatites are dated at 330 -325 Ma Bé Mézème et al., 2005 , 2006 . But due to their limited outcrop area, their bulk architecture remains unknown. To the west of the Massif Central, Visean migmatites are known in the in the southern part of the Massif Armoricain (Turrillot et al., in press ). To the east, ca 340 Ma migmatites are also identified in Central Vosges (Schaltegger et al., 1999) .
As stated above, in the FMC, the Late Visean anatetic event is coeval with the Tufs Anthracifères magmatism. Both phenomena represent the shallow and deep records of a same crustal melting event that took place in the same time span as North-directed and South-directed thrusting in the Ardenne and Montagne Noire massives, respectively (Fig. 9) . It is well established that in response to crustal thickening, release of heat and fluids may trigger crustal melting. Such a scheme satisfactorily accounts for the Namurian-Westphalian leucogranite insu-00352085, version 1 -12 Jan 2009 emplacement in an extensional setting (e.g. Faure, 1995; Ledru et al., 2001; Talbot et al., 2005; Joly et al., 2008) . Conversely, in most of areas, the tectonic setting of the Late Visean migmatite is poorly constrained or controversial (e.g. Soula et al., 2001) .
It is also worth to note that the location of the Montagne Noire, Northern Cévennes or S.
Millevaches migmatites in the outer zone of the FMC is rather unusual since migmatites generally crop out in the inner zone of an orogen where the crust has been thickened. The collapse of previously thickened continental crust is often invoked to explain the development of migmatites.
In the case of the FMC, late collisional extension cannot be the only cause of the Late Visean partial melting : i.e. volcanism, plutonism and anatexis. On the basis of geochemistry, it has been shown that crustal thickening alone is unable to induce the thermal anomaly responsible for the Late Visean magmatism, thus, a mantle heat source has been put forward (Pin and Duthou, 1990; Ledru et al., 2001; Faure et al., 2002) . As suggested for the Schwarzwald-Vosges segment (Eisbacher et al., 1989) , we propose that the required mantle contribution is due to a decoupling between continental crust and lithospheric mantle. At the end of the Variscan collision, the delamination of the lithospheric mantle along the Moho discontinuity will allow the uprise of the asthenosphere that in turn will provide the necessary thermal input, and fluids to trigger crustal melting. Mantle delamination can be an efficient mechanism accounting for the Late Visean thermal event in the entire Variscan massifs. However, this interpretation remains a working hypothesis to be tested by forthcoming works. Ledru et al., 1989; , with emphasis on Middle Carboniferous migmatites. Ledru et al., 1989 ; montrant la position des migmatites d'âge Carbonifère moyen. 
